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Introduction:  Nucleobases are the fundamental 
information bearing components of both RNA and 
DNA.  They are central to all known terrestrial life and 
they are generally conserved between species.  Biolog-
ical nucleobases can be divided into two groups based 
on the N-heterocyclic molecules pyrimidine (uracil, 
cytosine, and thymine) and purine (adenine and gua-
nine) respectively.  Do date, no experimental condi-
tions have been determined that could produce both 
pyrimidines and purines together, abiotically, in a ter-
restrial environment or an early terrestrial analog.   
Organic materials produced in extraterrestrial envi-
ronments may have been delivered to the primitive 
earth by comets and meteorites and may have contrib-
uted to the emergence of life [1].  To date, some, but 
not all nucleobases have been detected in meteorites 
[2-4] and their isotopic signatures may be consistent 
with an extraterrestrial origin [5].  Earlier work in our 
lab demonstrated that it is possible to produce all of the 
pyrimidine group nucleobases from the UV-irradiation 
of pyrimidine in astrophysically relevant ice analogs 
[6-9].  Here we report our most recent work, which 
studied the formation of the purine group nucleobases 
under similar conditions [10]. 
Experimental:  Gas mixtures of H2O and/or NH2 
were premixed in ~2L bulbs.   Because of its low vola-
tility, purine was prepared separately in an evacuated 
sample tube that was attached directly to the vacuum 
chamber, and wrapped with heat tape and a thermo-
couple to control and monitor the temperature and 
deposition rate.  The gas/purine deposition rates were 
calibrated to establish a mixing ratio of 1.0:0.1:10-3 for 
3 component H2O:NH3:purine ices or 1.0:10-3 for 2 
component H2O:purine or NH3:purine ices.  Through-
out the deposition, the ice mixtures were simultaneous-
ly irradiated with an H2-discharge lamp emitting UV 
photons (Lyman α at 121.6 nm and a continuum at 
~160 nm).  After irradiation, samples are warmed to 
room temperature, and refractory residues are recov-
ered for derivatization and analysis using gas chroma-
tography coupled with mass spectroscopy. 
Results:  The UV irradiation of our ice mixtures 
resulted in the formation of refractory residues contain-
ing numerous functionalized purines.  This included 
the nucleobases adenine (shown in the figure) and gua-
nine, in addition to hypoxanthine, isoguanine, several 
aminopurines, and 2,6-diaminopurine.  Overall, in both 
the most recent work, and in previous work, the rela-
tive abundance of photoproducts seems to be con-
trolled by three factors in roughly decreasing order of 
importance: 1) the number of functional group addi-
tions required to form the product; 2) the type of func-
tional group added; and 3) the position where the addi-
tion takes place. Finally, our results demonstrate that 
all biological nucleobases can be produced under the 
same astrophysical conditions.  
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Top panel: (Top trace) Total-ion chromatogram (TIC) of 
the residue produced from a UV-irradiated 
H2O:NH3:purine ice. (Middle trace) Single-ion chroma-
togram (SIC) of the same residue for mass 279 Da. (Bot-
tom trace) SIC of the adenine standard (mass 279 Da).  
Bottom panel: (Top trace) Mass spectrum of the peak 
identified as adenine in the residue produced from a UV-
irradiated H2O:NH3:purine ice.  (Middle trace) Mass 
spectrum of the adenine standard.  (Bottom trace) Mass 
spectrum of the peak identified as adenine in the residue 
produced from an irradiated ice containing 15NH3.     
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